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[1]. , $C$ , $1+(1-q)C>0$ , $\exp_{q}$ $q$-
[2][3].









, $\otimes_{q}$ . $\otimes_{q}$ $q$- [4][5].
2 $(q-$ $)$ $x^{1-q}+y^{1-q}-1>0$ $x,y>0$ ,
$x\otimes_{q}y:=[x^{1-q}+y^{1-q}-1]^{\Gamma_{-\overline{q}}^{1}}$ (7)
$x$ $y$ $q$ - .
3 $x^{1-q}+y^{1-q}-1>0$ , $q$ $1+(1-q)x>0$ (5) .
$\sim$ $\otimes_{q}$ , $q$- $n!_{q}$ [6].
4 ($q$ - ) $n\in N$ $q>0$ ,
$n!_{q}:=1\otimes_{q}\cdots\otimes_{q}n$ . (8)
$q$ - .
$n!_{q}$ , q-Stirling [6].
5 (q-Stirling ) $n\in N$ , .
$\ln_{q}(n!_{q})\simeq\{\begin{array}{l}\frac{n}{2-q}\ln_{q}n-\frac{n}{2-q}+O(\ln_{q}n) if q\neq 2,n-\ln n+O(1) if q=2.\end{array}$ (9)
$q$- $\otimes_{q}$ . $\copyright_{q}$ [4][5].
$\exp_{q}(x)\emptyset_{q}\exp_{q}(y)=\exp_{q}(x-y)$ , (10)
$\ln_{q}(x\copyright_{q}y)=\ln_{q}(x)+h_{q}(y)$ . (11)
6 $(q-$ $)$ $x^{1-q}-y^{1-q}+1>0$ $x,y>0$ ,
$x\copyright_{q}y;=[x^{1-q}-y^{1-q}+1]^{\frac{-1}{q}}$ (12)
$x$ $y$ $q$ - .
2
$q$- $\otimes_{q}$ $\copyright_{q}$ , $q$- [6].
7 (q- ) $n= \sum_{i=1}^{k}$ ni $n_{i}\in N(i=1, \cdots, k)$ ,





. $n_{k}] \simeq nS_{1}(\frac{n_{1}}{n},$ $\cdots,$ $\frac{n_{k}}{n})$ (14)
, (14) , (4) (13) , Stirling
$\simeq$ , (9) q-Stirling . , (14)
, Tsallis . .
$\neq^{d_{x}}=y^{q}$ , Tsallis [6].
8 (Boltzmann ) $n$ , $q$ - $($1 $S)$ $q$ - , Tsallis
.
$\ln_{q}\{\begin{array}{lll} n n_{1} \cdot .\cdot n_{k}\end{array}\}\simeq\{\begin{array}{ll}\frac{n^{2-q}}{2-q}\cdot S_{2-q}(\frac{n_{1}}{n}, \cdots, \frac{n_{k}}{n}), q\neq 2 \text{ },-S_{1}(n)+\sum_{i=1}^{k}S_{1} (ni), q=2 \text{ }.\end{array}$ (15)
, $S_{q}$ Taall :
$1- \sum p_{i}^{q}k$




(15) , $q\neq 2$ , $qrightarrow 2-q$ . , Tsallis
, $q rightarrow\frac{1}{q}$ q- . ( .
, q- conjecture ) . $qrightarrow 2-q$
(15) , $q rightarrow\frac{1}{q}$ . q- , Tsallis
4 [7]. , .
9(($\mu$ , $\nu>$ ) $n\in N$ $\mu,$ $\nu\in \mathbb{R}$ , $(\mu$ , $\nu>$ $n!_{(\mu,\nu)}$ .
$n!_{(\mu,\nu)}:=1^{\nu}\otimes_{\mu}2^{\nu}\otimes_{\mu}\cdots\otimes_{\mu}n^{\nu}$ . (18)
, $\nu\neq 0$ .
10 ( $(\mu$ , $\nu$)-Stirling )
$\ln_{\mu}(n!_{(\mu,\nu)})=\{\begin{array}{ll}\frac{n\ln_{\mu}n^{\nu}-\nu n}{\nu(1-\mu)+1}+O(\ln_{\mu}n) if \nu(1-\mu)+1\neq0,\nu(n-\ln n)+O(1) if \nu(1-\mu)+1=0.\end{array}$ (19)
3
11 (($\mu$ , $\nu$)- ) $ni\in \mathbb{N}(i=1, \cdots, k)$ $n= \sum_{i=1}^{k}$ ni , $(\mu, \nu)$ - $(\mu, \nu)-$
(18) .
$\{\begin{array}{ll}n n_{1} \cdots n_{k}\end{array}\};=(n!_{(\mu,\nu)})\copyright_{\mu}[(n_{1}1_{(\mu,\nu)})\otimes_{\mu}\cdots\otimes_{\mu}(n_{k}!_{(\mu,\nu)})]$ . (20)
12 ( $(\mu,$ $\nu)$- Tsal-lis $S_{q}$ ) $n$ , $(\mu$ , $\nu$ $\rangle$ $\mu$-
Tsallis $($1 $\theta)$ .
$\frac{1}{\nu}\ln_{\mu}\{\begin{array}{ll}n n_{1} \cdots n_{k}\end{array}\} \simeq\{\begin{array}{ll}\frac{n^{q}}{q} . S_{q}(\frac{n_{1}}{n}, \cdots, \frac{n_{k}}{n}) if q\neq 0-S_{1}(n)+\sum_{i=1}^{k}S_{1}(n:) if q=0\end{array}$ (21)
, $\nu\neq 0$ ,
$\nu(1-\mu)+1=q$ , (22)
$S_{q}$ Tsall! $(1\theta)$ , $S_{1}(n)$ $:=\ln n$ .
, (22) ( , $(\mu,$ $\nu,$ $q)$ ). $\nu$ , (21) ,
4 .
1. : $\nu=1$ , $(\mu, \nu, q)$ (22) , $\mu$ .
$\mu=2-q$ . (23)
, , (21) ,
$\ln_{2-q}\{n_{1} n n_{k}\} \simeq\frac{n^{q}}{q}\cdot S_{q}(\frac{n_{1}}{n},$ $\cdots,$ $\frac{n_{k}}{n})$ (24)
. , (15) $q$ $2-q$ . ,
$qrightarrow 2-q$ .
2. : $\nu=q$ , $(\mu, \nu, q)$ (22) , $\mu$ .
$\mu=\frac{1}{q}$ . (25)
, , (21) ,
$bl\sim$ $\{\begin{array}{ll}n n_{1} \cdots n_{k}\end{array}\}\iota_{q}q\simeq n^{q}\cdot S_{q}(\frac{n_{1}}{n},$ $\cdots,$ $\frac{n_{k}}{n})$ (26)
, $q rightarrow\frac{1}{q}$ . ’ $q$ 1 .
3. $q-$ : $\nu=2-q$ , $(\mu,\nu, q)$ (22) , $\mu$ .
$\mu=\frac{3-2q}{2-q}$ . (27)
, (21) ,
$\frac{1}{2-q}\ln s--\neq 2q\{n_{1} n n_{k}\}7- \simeq\frac{n^{q}}{q}\cdot S_{q}(\frac{n_{1}}{n},$ $\cdots,$ $\frac{n_{k}}{n})$ (28)
. , $(\mu, \nu, q)$ (22) , TsaJlis $q-$ $(q_{\epsilon en}, q_{re}i, q_{stat})$
[9][7].
4




$[$10$]$ . , $\alpha_{\min},$ $\alpha_{\max}(\alpha_{\min}<\alpha_{ma\kappa})$ , $f(\alpha)$
, $f(\alpha)=0$ 2 $\alpha$ . (29) (30)
, (30) $\alpha_{\max}-\alpha_{\min}=1$ $\alpha$ j$\triangleright$ , (29) . ,
$(\mu, \nu, q)$ (22) , qsen’ $\alpha_{\max}$ .
$\mu=q_{aen}$ , $\nu=\frac{1}{\alpha_{\max}}$ , $q=\alpha_{\max}$ (31)
(31) q- $(q_{sen}, q_{re}\downarrow, q_{atat})$ , -
[7].
, $\Delta_{=y^{q}}ddx$ Tsallis , , Tsallis
4 . , 2 ,
, .
3 Tsallis Tsallis (1988)
Tsallis 1988 [8] 1 , , Tsallis
(16) . . . , 2004
[3] $p.9$ , TsaJlis . ,
, , Tsallis [3] P.9 ,
.
$0<p_{i}<1$ $q>0$ , .
$p_{i}^{q}<p_{i}$ $(q>1)$ , (32)
$p_{i}^{q}=p_{i}$ $(q=1)$ , (33)
$p_{\dot{t}}^{q}>p_{i}$ $(q<1)$ . (34)
, “bias” . , $p_{i}$
, $p_{i}^{q}$ 2. $S_{q}(p_{1}, \cdots,p_{n})$ , $p_{i}$
, $S_{q}$ ,
$S_{q}(p_{1}, \cdots,p_{n})=f(\sum_{i=1}^{n}p_{i}^{q})$ (35)
. , $f$ . 1 , , $a,$ $b\in \mathbb{R}$
,
$S_{q}(p_{1}, \cdots,p_{n})=a+b\sum_{i=1}^{n}p_{i}^{q}$ (36)
2 , . $p_{1}^{q}$ .
5
. , , .
$p_{i}=\{\begin{array}{l}1 i=i_{0} \text{ },0 i\neq i_{0} \text{ }.\end{array}$ (37)
, $S_{q}$ $S_{q}=0$ , $a+b=0$. .
$S_{q}(p_{1}, \cdots,p_{n})=a(1-\sum_{1=1}^{n}p^{q})$ . (38)
, $qarrow 1$ , $S_{q}$ , Shaxmon ,
$p_{i}^{q}=p_{1}p^{\dot{q}-1}=p_{i}\exp[(q-1)hp_{i}|$ (39)
, $qarrow 1$ ,
$p_{i}^{q}\simeq p_{i}[1+(q-1)\ln p_{i}]$ (40)
. , 1 , $\exp(x)\simeq 1+x$ . (38) ,
$S_{1}(p_{1}, \cdots,p_{n})=-a(q-1)\sum_{i=1}^{n}p_{i}\ln p_{i}$ (41)
, Shannon , $a(q-1)=1$ . ,
$a= \frac{1}{q-1}$ (42)
. , (38) , $S_{q}(p_{1}, \cdots,p_{n})$ , Tsallis (16)
.
, 1988 , Tsallis (16)
. , , , (1)
.
4 Tsallis
1988 Tsallis , $q$ $(p_{:}^{q})$
.
, , . ,
, $D_{q}$ .
13 ( ) $A\subset \mathbb{R}^{n}$ , $A$ $d(U)=\epsilon$ $U\subset \mathbb{R}^{n}$
$n(\epsilon)$ . , $A$ $N$ $\{x_{k};k=1, \cdots, N\}$ , $i$ $x_{k}$
. ,
$N_{1}$







, $\mathcal{E}arrow 0$ . $n(\epsilon)arrow\infty$ . –
, , $q=0,1,2$ , , , ,
, $D_{q}$ , Tsallis
1988 , $B\epsilon’nyi$ :
$\ln\sum p_{i}^{q}n$
$S_{q}^{R\text{\’{e}} nyi}(p_{1}, \cdots,p_{n}):=\frac{i=1}{1-q}$ (45)
[11]. $R6nyi$ $S_{q}^{R\text{\’{e}} nyi}$ Tsalhs $S_{q}^{T\S a11i\S}$
$\sum_{:1}^{n}=p_{i}^{q}$ , . , $\epsilon(>0)$ , ,
.
14 ( R\’enyi Tsallis ) $\epsilon>0$ ,
.
$\exp(S_{q}^{Riny\dot{*}}(p_{i}))=\exp_{q}(S_{q}^{Tsall:s}(p_{i}))=\exp_{\frac{1}{q}}(S_{\frac{1T}{q}}^{eall\dot{u}}(P_{i}))\simeq\epsilon^{-D_{q}}$ (46)




. $q rightarrow\frac{1}{q}$ . , (46) 2
1 . , ,
[12], Tsallis . [13].
(46) , Tsallis $S_{q}^{Tsa11i_{8}}$ $q$ ,
$D_{q}$ $q$ . , (46) , 1910 Einstein [14] , Boltzmann
$S=k_{B}\ln W$ $\exp(S/k_{B})=W$ $[$15$]$ .
5
, . $\Rightarrow$ , $A\Rightarrow B$ ,
$A$ $B$ .
$\frac{dy}{dx}=y^{q}$ $\Rightarrow$ q- , q$\sim$ (48)
$\Rightarrow$
$q$- , q- , $q$- (49)
$\Rightarrow$ Tsallis $S_{q}$ (50)







3. Tsallis $S_{q}$ [18]
7
4. Tsallis $S_{q}$ [19]
, 2 , q- , q- ,
Cauchy , t- , .
, Tsallis ,
. , , ,
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